The Darß -Zingst Lagoon (DZL, 548 26 0 N, 128 42 0 E, Fig. 1 ) is a chain of shallow brackish water basins (called Bodden) near the coast of the German Baltic Sea. It has been intensively studied in the past decades (Schiewer, 1998) and is one of the best-known German coastal areas today. Monitoring data on species composition and monthly means of zooplankton biomass are now available for a period of 32 years (Feike et al., 2007) . Besides Filinia longiseta (Ehrenberg) and the planktonic larvae of the polychaete Marenzelleria neglecta (Sikorski and Bick), the brackish water calanoid copepod Eurytemora affinis (Poppe) and the rotifer Keratella cochlearis f. tecta (Gosse) contribute the largest proportion of the zooplankton biomass in the central part of the DZL since the beginning of the 1990s. Whereas K. cochlearis f. tecta originated as a freshwater species, E. affinis is a true estuarine (Collins and Williams, 1982) calanoid copepod which is widespread in the northern hemisphere and often dominates the zooplankton community of temperate estuaries (e. g. De Pauw, 1973; Moore et al., 1979; Soltanpour-Gargari and Wellershaus, 1984; Ambler et al., 1985; Castel, 1995; Peitsch, 1995) . Its importance as a food source for fish has already been pointed out by Ladiges (Ladiges, 1935) and for Neomysis integer by David et al. (David et al., 2006a) .
A change in dominance between E. affinis in spring and the following summer development of K. cochlearis f. tecta in June/July has been observed in the DZL (Fig. 2) and shows a remarkably stable pattern with very low temporal variability over 22 years (Feike and Heerkloss, 2008) . Eurytemora affinis disappears nearly completely from the zooplankton community from after the spring peak until August. During this time, K. cochlearis f. tecta tends to reproduce very actively. The abundances reach values above 10 000 Ind. L 21 , a number which is otherwise known only from cultures. Low abundances of E. affinis in summer are reported also from the brackish water of other European estuaries (Hirche, 1974; Vijverberg, 1977; Baretta and Malschaert, 1988; Różańka et al., 1988; Castel and Feurtet, 1992; Peitsch, 1992) , but the decline after May is not as steep as in the DZL. Although K. cochlearis is one of the most common freshwater rotifers, a mass development of K. cochlearis f. tecta as seen in the DZL is not typical for other brackish and fresh waters.
An explanation for the late appearance of K. cochlearis f. tecta after the decline of E. affinis could be the predation of E. affinis on K. cochlearis f. tecta adults and/or their eggs. This hypothesis seemed to be unlikely because E. affinis is considered to be herbivorous (Gyllenberg, 1980) or detrivorous (Heinle and Flemer, 1975; Hummel et al., 1988) . Also Gasparini and Castel (Gasparini and Castel, 1997) assumed that this species feeds mainly on autotrophic and heterotrophic nanoplankton. However, Berk et al. (Berk et al., 1977) and Burckhardt and Arndt (Burckhardt and Arndt, 1987) observed that E. affinis also ingests ciliates (up to 136 mm) and Heerkloss et al. (Heerkloss et al., 1990 reported a higher mortality of the nauplius stages one to three due to predation by copepodids and adults. Also Revis et al. (Revis et al., 1991) classify E. affinis as an omnivorous species based on observations of the structure of the mandible plate. Alternatively, low water temperatures in spring may prevent an earlier mass development of K. cochlearis f. tecta (Fig. 2) .
To analyse whether there is any evidence for a population suppression of K. cochlearis f. tecta by copepodids and adults of E. affinis, we carried out laboratory experiments to examine directly the possible impact of E. affinis on K. cochlearis f. tecta. The opposite case, that Keratella has a negative impact on Eurytemora and that it causes the sharp decline of Eurytemora at the beginning of June, seems to be unlikely and was not a focus of our investigations.
Thirty litres of surface water from the Zingster Strom was taken and filtered through 100 mm gauze to remove all zooplankton .100 mm and retain the K. cochlearis f. tecta. After mixing the sample well, seven beakers with a volume of 4 L were filled with this sample water. The density of the animals from one beaker was measured at the beginning of the experiment. Copepodids and adults of E. affinis were collected using a 200 mm gauze and suspended in 5 L 20 mm filtered biotope water to exclude smaller zooplankton. From 1 L subsamples, E. affinis were transferred into four of the 4 L beakers using a 50 mm gauze. The contents of one of the beakers were fixed with formaldehyde to estimate abundances at the start of the experiment. Thus, all six 4 L beakers contained K. cochlearis f. tecta (429 Ind. L
21
) and nauplius stages of E. affinis (81 Ind. L
) at the same density as in the surface water of the biotope in this time. Three of the beakers contained additional copepodids and adults of E. affinis (586 Ind. L 21 ), a 3-to 4-fold density compared to the normal abundance during the spring peak.
The experiment was performed from 19 to 25 May 2000, thus corresponding exactly to the period of change in dominance from E. affinis to K. cochlearis f. tecta in this year in the DZL. The duration of the experiment of 142.5 h corresponded to the development time of E. affinis from nauplius stage 1 to stage 4 (Peitsch, 1992: 108C: 168 h, 158C: 106 h) and to nauplius stage 4 to the first copepodid stage (Peitsch, 1992: 108C: 188 h, 158C: 127 h). The beakers were placed outside under a roof and were consequently illuminated by shaded natural light. A very gentle aeration ensured slow circulation of the water in the beakers.
The experiment was terminated by filtering the contents of the beakers through 50 mm gauze, suspending the zooplankton in 18 mL of distilled water and fixing it with 2 mL formaldehyde (37%). Animals and eggs were counted under a dissection microscope.
To evaluate the possible effects of suppression of E. affinis on K. cochlearis f. tecta more directly, a second experiment was performed by using the counting chambers of an inverted microscope. Eight of these chambers were filled with 7 mL biotope water. The water had been previously filtered through 100 mm gauze to exclude larger zooplankton and through 50 mm gauze to enrich K. cochlearis f. tecta. The number of K. cochlearis f. tecta in the chambers at the beginning of the experiment was determined by counting the animals in 0.5 L of the same water. At 29 344 Ind. L 21 , the natural abundance of Keratella was very high in this sample. Filinia longiseta (Ehrenberg) was also present but with lower abundance (1038 Ind. L
). The experiment started with the addition of four E. affinis (adults and last copepodid stage) to four of the eight chambers. The chambers were placed in the laboratory at 188C and natural light/dark conditions. After 68 h the numbers of dead K. cochlearis f. tecta, lying on the bottom of the chambers were counted in an inverted microscope.
Statistical differences of the mean values between the beakers/chambers with and without adults and copepodids of E. affinis were assessed with the Mann -Whitney U-test, performed with the statistical software program SPSS 8.0 (SPSS Inc.) for Windows. Figure 3 shows the results of the first beaker experiment. Keratella cochlearis f. tecta increased 3-fold in the beakers without E. affinis and decreased in the presence of Eurytemora to 45% of the initial value. The egg ratio was significantly (P 0.05) reduced from 0.44 + 0.05 in the control (without copepodids and adults of E. affinis) to 0.08 + 0.08 in the experiments with Eurytemora.
Strong effects of copepodids and adults of E. affinis on K. cochlearis f. tecta were also observed in the second experiment (Fig. 4) . After 68 h, nearly all individuals of K. cochlearis f. tecta lay dead on the bottom of the chambers with E. affinis, whereas only 37.6% dead females of Keratella could be counted on the bottom of the control chambers. The finding of slightly higher numbers of dead females of Keratella at the end of the experiment than were counted at the beginning (values of dead animals higher than 100%) may have been caused by hatching of new animals from eggs or by small differences between the chambers at the start. No dead egg-bearing females of Keratella cochlearis f. tecta and no dead F. longiseta were observed.
There are arguments in support of the conclusion that the effects are the result of a direct suppression of K. cochlearis f. tecta rather than of artificial bottle effects or food competition: (i) copepods and rotifers consume only a minor part of the available food. Heerkloss et al. (Heerkloss et al., 1984) estimated a maximum utilization of the primary production by copepods of 9.8% in the adjunct Barther Bodden by measuring primary production and the feeding rate under field conditions. (ii) Much higher abundances of Keratella cochlearis f. tecta were observed regularly in June and July (Fig. 2) in the Zingster Strom. This means that the food supply supports higher abundances of this rotifer than were realized in the first experiment. (iii) The phytoplankton concentration in the sampling water used for the experiments was high. Phytoplankton biomass from 28 to 54 mm 3 L 21 was estimated in May and June 2000 in the Zingster Strom (Schumann, personal communication) . In general, high phytoplankton biomass and no marked changes in the phytoplankton composition are observed in the DZL during May and June (Schumann and Karsten, 2006) . (iv) Due to sufficient light conditions for primary production in the first experiment, a sharp decline of the primary production in comparison with the environment is not likely. Therefore, we do not presume enhanced bottle effects despite the fact that the duration of the experiment was longer than in a typical incubation experiment, e.g. twice as long as in the experiments of Azémar et al. (Azémar et al., 2007) .
Therefore, we assume a more direct type of suppression of K. cochlearis f. tecta by E. affinis due to predation or the mechanical damaging of Keratella. However, the abundances of E. affinis exceeded the natural abundances in both experiments and the effects on K. cochlearis f. tecta may be overestimated. We did not find any evidence for a negative effect of Keratella on Eurytemora.
The predation by calanoid copepods on rotifers and eggs of rotifers has been described by several authors (Williamson, 1987; Diéguez and Gilbert, 2002; Lapesa et al., 2004; Ramos-Rodríguez and Conde-Porcuna, 2004) . However, data on the effects of this predatory behaviour on the yearly succession of zooplankton communities in natural ecosystems are rare. The presence of copepodids and adults of the genuine brackish water copepod E. affinis resulted in a higher mortality of K. cochlearis f. tecta in our experiments. However, it is not clear whether E. affinis ingests eggs and/or individuals of K. cochlearis f. tecta or a mechanical damaging causes the death of the rotifers. More details of possible interactions between copepods, rotifers and rotifer eggs after capture by a copepod are described by RamosRodríguez and Conde-Porcuna (Ramos-Rodríguez and Conde-Porcuna, 2004) . Mechanical damaging of rotifers is also known to occur as a result of rotifers passing the filter mechanism of larger cladocerans (Burns and Gilbert, 1986; Gilbert, 1988; Macisaac and Gilbert, 1991) . The numerous dead females of K. cochlearis f. tecta on the bottom of the chamber in experiment 2 indicate that the lorica is not ingested by E. affinis. The egg ratio of K. cochlearis f. tecta was significantly reduced in the experiment, whereas the monitoring data do not indicate an influence of E. affinis on the egg ratio (not shown). If there is no change in the egg ratio caused by E. affinis, it could be concluded that the capturing of the rotifer by the copepod entails the death of the rotifer, regardless of whether the rotifer was egg-bearing or not. Therefore, the exact mechanism of suppression between E. affinis and K. cochlearis f. tecta is still unclear and needs to be clarified by further investigations.
Because of the possible overestimation of the suppression effect of E. affinis in the experiments and a general increase of the abundances of K. cochlearis f. tecta with increasing temperature (Fig. 2) , we cannot assess the strength of the suppression of K. cochlearis f. tecta by E. affinis in the DZL. Keratella showed mass developments only at temperatures above 148C. Thus, it is concluded that this species prefers higher temperatures. However, this mass occurrence is absent when E. affinis appears in higher abundances (Fig. 2) at comparably high temperatures in August again. As mentioned earlier, competition for food between both species seems unlikely because the DZL is hypertrophic and the zooplankton consume, on the average, only 2.5% of the primary production (Schiewer, 1998) . A clear water phase was never observed. Furthermore, there are no changes in biomass and species composition of phytoplankton during the period of switches in abundance between Eurytemora and Keratella Schumann and Karsten, 2006) .
Eurytemora affinis is one of the most studied brackish water copepods in relation to food supply and food selectivity (e. g. Burckhardt and Arndt, 1987; Tackx et al., 1995; Burdloff et al., 2000a, b; Tackx et al., 2003; David et al., 2006b ). However, a potential predatory effect on rotifers has not been considered so far and cannot be excluded, as results from Azémar et al. (Azémar et al., 2007) show. They found positive predation effects of E. affinis on the abundance and growth rate of rotifers in summer and no significant effects in a spring experiment. In these investigations, small rotifers of the genus Trichocerca contributed a considerable portion of the rotifer community in summer, whereas the spring community was dominated by bigger rotifers (Brachionus calyciflorus, Synchaeta sp.).
It should be taken into account that small rotifers may partly contribute to the food of E. affinis and, moreover, that E. affinis can possibly influence the population dynamics of small rotifers as it has already been shown for ciliates (Burckhardt and Arndt, 1987) . Further investigations are necessary to confirm these findings, to evaluate the predatory effect at lower abundances of E. affinis and to evaluate the influence of seasonal temperature fluctuations.
